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ROTATABLE AND TRANSLATABLE SPRAY 
NOZZLE 

FIELD OF THE INVENTION 

The present invention is directed to a noZZle of the type 
having a series of ori?ces extending in a longitudinal 
direction of the noZZle to provide an aerosol spray for 
processing a solid surface provided Within a processing 
chamber. More speci?cally, the present invention is directed 
to a noZZle design Wherein a uniform distribution of liquid 
is provided along the noZZle length for even aerosol spray 
ing. The noZZle design also provides for a uniform distri 
bution regardless of the angle so that the noZZle can be 
rotatable relative to the surface to be processed and trans 
latable for varying the distance of the noZZle from the 
surface to be processed. 

BACKGROUND OF THE INVENTION 

The present invention has been developed for its particu 
lar applicability to the semi-conductor and micro-electronics 
industries, and in particular to the cleaning of contaminated 
substrates, including, for example, semi-conductor Wafers of 
silicon and of gallium arsenide, multiple chip carriers, ?at 
panel displays, magnetic hard disks, MEMs and other elec 
tronic devices. Many methods have been developed to clean 
such surfaces. Techniques include the use of solvents or 
chemical cleaning for removing contaminant ?lms from 
surfaces, the use of high energy sonic Waves, and combi 
nations thereof Solvents for chemicals may be applied as gas 
jets or liquid spray. 

More recently, cryogenic aerosols have been developed 
for jet spraying against surfaces, particularly Within the 
semi-conductor Wafer industry for particulate decontamina 
tion. Cryogens that have been used for removing the par 
ticulate contamination include argon, carbon dioxide and 
Water. The idea behind cryogenic aerosols is to provide a jet 
of froZen crystals traveling at subsonic or supersonic speeds. 
The formation and siZe of the crystals depends on the 
thermal dynamic conditions including the pressure, 
temperature, How and the crystal forming technique Which 
depends largely on the initial phase of the supplied substance 
and the noZZle design. Carbon dioxide and Water have been 
used in certain applications; hoWever, silicon Wafer cleaning 
requires high purity and the ability not to damage the surface 
of the silicon Wafer. Thus, argon aerosol noW seems par 
ticularly useful for semi-conductor Wafer cleaning. For 
example, US. Pat. Nos. 5,377,911 to Bauer et al, 5,062,898, 
5,209,028, 5,294,261, to McDermott et al disclose the use of 
cryogenic aerosols Which may include argon combined With 
nitrogen. U.S. Pat. Nos. 4,747,421 to Hayashi and 4,806,171 
to Whitlock et al describe apparatuses for cleaning sub 
strates using carbon dioxide aerosol crystals. 
A simple schematic of the cryogenic aerosol cleaning 

system is illustrated in FIG. 1, including a silicon Wafer 
surface 1 and a jet impingement noZZle 2. NoZZle 2 includes 
a plurality of ori?ces along its length from Which the aerosol 
jet spray is propelled toWard the silicon Wafer surface 1. 
Typically, the ori?ces are con?gured so that the aerosol jet 
stream impinges the silicon Wafer 1 at a predetermined 
angle. The aerosol contains aerosol crystals 3 Which are 
suspended Within the aerosol gas illustrated by the lines 
extending from the noZZle to cross the silicon Wafer surface 
1 and from the silicon Wafer surface 1 at the arroWheads. 
Contamination particles 4 are illustrated on the silicon Wafer 
surface 1 and are also shoWn being carried aWay from the 
aerosol gas jet stream from the silicon Wafer surface 1. 
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2 
Typically, the jet impingement noZZle 2 is ?xed in position 
and at a speci?c angle so that the aerosol jet stream including 
the aerosol crystals 3 impinge the silicon Wafer surface 1 
Which is supported to be movable relative to the ?xed 
position of the jet impingement noZZle 2. Usually, the silicon 
Wafer having the surface 1 is mounted in a manner so that 
it can translate beloW the jet impingement noZZle 2 so that 
the entire silicon Wafer surface 1 can be cleaned. Aerosol 
crystals 3 carried in the aerosol gas impinge the surface of 
the silicon Wafer 1, cause the removal of contaminate 
particles 4, and the jet stream carries the contaminate 
particles 4 aWay from the silicon Wafer surface 1. As 
described above, the aerosol may comprise cryogenic aero 
sol clusters as the aerosol crystals 3 or any of the other 
particles or liquids knoWn for cleaning. 

In a cryogenic cleaning apparatus, the noZZle 2 and silicon 
Wafer, Which Would be supported by a movable chuck, are 
provided Within an aerosol cleaning chamber. The aerosol 
cleaning chamber is provided in vacuum during the cleaning 
process in a manner to control formation of cryogenic 
aerosol crystals 3. More speci?cally, the inert substance, 
such as an argon and nitrogen mixture, is supplied to the 
noZZle 2 and is expelled from the jet impingement noZZle 2 
into the vacuum cleaning chamber Within Which the cryo 
genic aerosol crystals 3 and aerosol gas jet stream are 
formed. 
The cryogenic aerosol crystals 3 are primarily formed by 

evaporative cooling. Evaporative cooling relies on small 
liquid droplets that freeZe prior to impinging the silicon 
Wafer surface 1. The small liquid droplets are formed from 
larger droplets that are atomiZed by the high pressure gas 
that expands from the noZZle ori?ces. The small liquid 
droplets (the aerosol spray) freeZe into crystals due to the 
pressure drop betWeen the noZZle and the silicon Wafer. 
Crystals formed by evaporative cooling are generally of 
about one to ten microns (1—10p) or larger in diameter. Less 
signi?cantly, cryogenic aerosol crystals are also formed via 
Joules Thompson cooling, Which is homogeneous nucle 
ation of crystals based upon the temperature drop associated 
With the expansion Within the aerosol cleaning chamber, as 
described in the above-noted Bauer US. Pat. No. 5,377,911. 
This nucleation provides much smaller and less effective 
crystals generally in the order of 0.01” in diameter. 

Thus, in order to achieve the primary formation of the 
crystals by the atomiZation of liquid droplets into small 
liquid droplets and the subsequent freeZing, the noZZle 
design must distribute the liquid uniformly along the length 
of the noZZle. Uniform distribution ensures the formation of 
the larger droplets along the length of the noZZle to be 
atomiZed, froZen, and carried by the aerosol gas. 
As shoWn in FIGS. 2 and 3, a jet impingement noZZle 2 

is shoWn at a ?xed angular orientation. The inert substances 
provided Within the interior of the noZZle 2, and the liquid 
forms a pool therein substantially to the level of the line of 
ori?ces. The aerosol spray is expelled from the ori?ces as 
noted above. It is important to provide a uniform spray along 
the longitudinal length of the noZZle for uniform processing. 
As shoWn in FIG. 3, the liquid pool extends along the 
portion of the longitudinal length that is illustrated. It is 
believed that Waves move through the liquid pool, as also 
indicated in FIG. 3. These Waves are believed to cause What 
has sometimes been observed as a Wavering effect of the 
intensity of the aerosol spray along the length of the noZZle. 
This effect is referred to as a “Walking” effect. Although the 
instantaneous uniformity of the noZZle is poor When Walking 
is observed, this phenomenon does not signi?cantly effect 
the uniformity of the processing since the Waves move back 
and forth along the longitudinal length of the noZZle. 
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A consequence, however, of providing a ?xed nozzle is 
the creation of a speci?c impingement angle. When cleaning 
or otherwise treating a substrate surface having surface 
features, patterns or vias, the aerosol stream at the set 
impingement angle may not adequately clean surfaces of the 
features. For example, the cleaning of contaminants from 
deep trenches and other surface features may be more 
thoroughly accomplished by orienting the aerosol spray 
direction nearly perpendicular to the substrate surface, While 
cleaning debris from a ?at surface might require orientation 
of the aerosol spray at a very shalloW graZing angle to the 
substrate surface. Furthermore, even With ?at surfaces, dif 
ferent angles of impingement may be more effective because 
of the shape of the contaminant particles and the Way that 
they are adhered to the ?at surfaces. 

In FIG. 4, a similar noZZle as that described above is 
illustrated but Which is ?xed in an orientation to provide a 
substantially perpendicular aerosol spray directed at a sub 
strate surface. Speci?cally, the aerosol spray direction is 
illustrated in the direction of gravity. In this situation, the 
liquid pooling effect, discussed above, and thus the forma 
tion of cryogenic aerosol crystals is compromised. The 
liquid pooling is non-uniform and may even decrease to 
nothing, as illustrated on the right side, regardless of 
Whether the cryogenic ?uid is delivered at one or both ends 
of the noZZle or at any point along its length. With non 
uniform liquid pooling, formation of cryogenic aerosol 
crystals at certain locations along the noZZle length can be 
inhibited and non-uniform processing can occur. 

The aforementioned Bauer et al US. Pat. No. 5,377,911 
discloses a ?xed noZZle utiliZing a dual chamber. As shoWn 
in FIG. 7A of the Bauer et al patent, an upper chamber 
connects With a loWer chamber through a series of ori?ces, 
and another series of ori?ces are provided from the loWer 
chamber from Which the aerosol is expelled. HoWever, the 
purpose of providing the upper and loWer manifolds is to 
eliminate the generation of loW pressure points and even 
distribution of gas passed from the upper distribution mani 
fold to the loWer distribution manifold. 

SUMMARY OF THE PRESENT INVENTION 

The present invention overcomes the disadvantages and 
shortcomings of the prior art by providing a noZZle having 
a series of ori?ces along a longitudinal length of the noZZle 
for processing a substrate and Which is rotatably adjustable. 
By the noZZle design of the present invention, liquid is 
properly distributed along the longitudinal length of the 
noZZle independently of the angle of the aerosol spray. This 
alloWs for the generation of a uniform aerosol stream that is 
independent of spray angle. The noZZle design of the present 
invention improves the uniform distribution of liquid Within 
the noZZle, Which in addition to providing a more uniform 
liquid pooling, also substantially eliminates the Walking 
effect. 

The rotatable adjustment of the noZZle is advantageous in 
that the noZZle is useful in a Wider range of applications. 
Speci?cally, the processing of substrates may be more 
thoroughly accomplished by orienting the aerosol spray 
direction differently depending on the surface features, type 
and shape of the particle contaminants and other factors. For 
example, Where surface features are provided, an impinge 
ment angle of nearly perpendicular to the substrate surface 
may be preferred. For processing a very ?at surface, a very 
shalloW graZing impingement angle to the substrate surface 
may be preferred. HoWever, higher efficiencies may be 
obtained by varying the impingement angles depending on, 
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4 
for example, contaminant particle shape and its adherence. 
The angular orientation of the aerosol spray is adjusted by 
rotating the noZZle. In the case of a cryogenic cleaning 
apparatus, it is a further advantage that the rotation can be 
accomplished While the process chamber remains under 
vacuum. Moreover, the rotation motion can be automated so 
that it can be altered automatically from substrate to sub 
strate or during the cleaning of a single substrate. 

Moreover, the present invention is also directed to a 
noZZle that is translatable in the direction toWard or aWay 
from the substrate to be processed or parallel to the substrate 
surface. Thus, the distance betWeen the noZZle and the 
substrate surface can be adjusted to optimiZe the process, or 
the noZZle can be translated While the substrate is ?xed. 
Thus, With substrates of varying thicknesses, it is advanta 
geously possible to manipulate the spray noZZle to maintain 
a ?xed spray travel distance to the substrate surface over the 
variable thickness substrate surface. 

The above advantages of the present invention are 
achieved by a noZZle for use in an apparatus for the 
treatment of a surface of an object by impinging the surface 
With an aerosol spray, the noZZle having a series of impinge 
ment ori?ces provided in a longitudinal direction along at 
least a part of the noZZle, Wherein the noZZle has an interior 
longitudinally divided into ?rst and second internal cavities 
With plural openings betWeen the ?rst and second internal 
cavities, and the openings betWeen the ?rst and second 
cavities are oriented at a different radial angle from the 
longitudinal axis than the radial angle of the impingement 
ori?ces. Preferably, the noZZle comprises an inner tube and 
an outer tube operatively supported and connected With 
respect to one another, the ?rst internal cavity is provided 
betWeen an inner surface of the outer tube and an outer 
surface of the inner tube, the second internal cavity is 
provided Within the inner tube, and the openings extend 
through the inner tube. More preferably, the inner tube and 
the outer tube are circular in cross-section and are concen 

trically arranged. By this construction, the noZZle can be 
rotationally adjustably mounting to a Wall of the aerosol 
chamber so that the series of impingement ori?ces can be set 
at different radial angles With respect to a longitudinal axis 
of the noZZle. The outer tube can also be advantageously 
adjustably provided With respect to the inner tube so as to 
optimiZe the particular radial offset for speci?c applications. 
The present invention is also directed to the combination 

of such a noZZle With an apparatus for treating the surface of 
an object by impinging the surface With an aerosol spray, the 
apparatus having an aerosol chamber de?ning an interior 
space for receiving the object to be treated Within the aerosol 
chamber; and a supporting means for operatively supporting 
the object Within the aerosol chamber With a surface thereof 
in a position for treatment. The noZZle being rotationally 
adjustably supported Within the aerosol chamber so that the 
series of impingement ori?ces can be set at different radial 
angles With respect to a longitudinal axis of the noZZle, and 
Wherein the noZZle has an interior longitudinally divided 
into ?rst and second internal cavities With plural openings 
betWeen the ?rst and second internal cavities, the openings 
betWeen the ?rst and second cavities being oriented at a 
different radial angle from the longitudinal axis than the 
radial angle of the impingement ori?ces. 

In accordance With another aspect of the present 
invention, an apparatus is provided for treating the surface 
of an object by impinging the surface With an aerosol spray, 
the apparatus comprising an aerosol chamber de?ning an 
interior space for receiving the object to be treated Within the 
aerosol chamber, a supporting means for operatively sup 
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porting the object Within the aerosol chamber With a surface 
thereof in a position for treatment, and a nozzle having a 
series of impingement ori?ces provided in a longitudinal 
direction along at least a part of the noZZle, the noZZle being 
adjustably mounted Within the aerosol chamber so that a 
distance betWeen the noZZle and a surface of an object to be 
treated When supported in position by the supporting means 
can be varied. Preferably, the adjustable mounting is pro 
vided by a mounting plate to Which the noZZle is mounted 
and Which is adjustably mounted to a Wall of the aerosol 
chamber for varying the distance betWeen the noZZle and a 
surface of an object to be treated When supported in position 
by the supporting means. The noZZle eXtends through a slot 
provided through the Wall of the aerosol chamber so that the 
noZZle can be adjusted in position along the length of the slot 
by changing the position of the mounting plate relative to the 
Wall of the aerosol chamber. A sealing means can also be 
provided extending around the slot so that in any adjusted 
position of the noZZle, a sealing engagement can be provided 
betWeen the mounting plate and the Wall of the aerosol 
chamber. 

The present invention is also directed to the combination 
of a noZZle that is both rotationally adjustable and translat 
ably adjustable, each independently of the other. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic vieW of a typical cryogenic aerosol 
cleaning system for cleaning the surface of a silicon Wafer; 

FIG. 2 is a schematic vieW in perspective of a noZZle 
having a series of longitudinally aligned ori?ces and ori 
ented at an aerosol spray angle of about 45° from gravity; 

FIG. 3 is a schematic vieW of the noZZle of FIG. 2 oriented 
at the same angle and illustrating the formation of a liquid 
pool Within the noZZle and along the longitudinal length 
thereof; 

FIG. 4 is a schematic vieW similar to FIG. 3 but With the 
noZZle oriented so that its longitudinally aligned ori?ces 
produce an aerosol spray in the direction of gravity and 
illustrating a partial formation of a liquid pool; 

FIG. 5 is a side schematic vieW of an aerosol chamber 
including a noZZle that is rotatably adjustable and Wherein 
the distance betWeen the noZZle and the substrate surface is 
adjustable; 

FIG. 6 is a schematic side vieW of a substrate moving 
toWard the left relative to a noZZle in accordance With the 
present invention and shoWing the angle of impingement of 
the jet stream and the spray distance betWeen the noZZle and 
the substrate surface; 

FIG. 7 is a partial cross-sectional vieW of a rotational and 
translatable connection assembly for a noZZle in accordance 
With the present invention shoWn mounted to a sideWall of 
an aerosol chamber; 

FIG. 8 is a perspective vieW of the rotational and trans 
lational connection assembly of FIG. 7 separated from its 
connection to the sideWall of the aerosol chamber; 

FIG. 9 is partial side vieW of the sideWall of an aerosol 
chamber to Which the rotation and translational connection 
assembly of FIGS. 7 and 8 is to be mounted; 

FIG. 10 is a side vieW of a noZZle in accordance With the 
present invention illustrating a series of longitudinally 
aligned ori?ces along the length of the outer tube of the 
noZZle; 

FIG. 11 is a side vieW of the noZZle in accordance With the 
present invention that is rotated by 90 degrees radially from 
that shoWn is FIG. 10 With the outer tube removed and its 
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6 
position illustrated by the chain lines, the inner tube shoWn 
With a series of longitudinally aligned ori?ces; 

FIG. 12 is a partial cross-sectional vieW of the noZZle of 
the present invention illustrating the inner and outer tubes 
connected together; 

FIG. 13 is a schematic side vieW of a longitudinal portion 
of a noZZle in accordance With the present invention With the 
inner ori?ces oriented in the direction of gravity While the jet 
impingement ori?ces are directed at 90° relative to the inner 

ori?ces; 
FIG. 14 is a cross-sectional vieW taken along line 14—14 

of FIG. 13; 
FIG. 15 is a schematic vieW similar to FIG. 13 but 

shoWing the inner ori?ces directed at 90° from the direction 
of gravity While the jet impingement ori?ces are directed in 
the direction of gravity; and 

FIG. 16 is a cross-sectional vieW taken along line 16—16 
in FIG. 15. 

THE DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

With reference to the Figures, and initially to FIG. 5, 
Wherein like numerals represent like components throughout 
the several Figures, an apparatus 10 is illustrated for the 
treatment of the surface of an object, such as a silicon Wafer 
12. The present invention is useful for treating any type of 
microelectronics device, including but not limited to ?at 
panel displays, hard drives, and multiple chip modules. 
Additionally, the invention is useful for treating masks used 
for microlithography processes including X-ray masks, and 
any semiconductor substrates including but not limited to 
gallium arsenide Wafers or Wafers comprised of silicon. 

Apparatus 10 basically comprises a movable chuck 14 
Which supports the silicon Wafer 12 Within an aerosol 
chamber 16 and a jet impingement noZZle 18. The noZZle 18 
is rotatably adjustable and translatable in accordance With 
the preferred embodiments of the present invention, as more 
fully described beloW. The apparatus 10 is used for treating 
a surface 13 of the substrate, e.g. silicon Wafer 12; such 
treatment can be any coating, cleaning, or the like treatment 
Wherein the jet impingement noZZle 18 provides an aerosol, 
liquid or gas to impinge surface 13. For the purposes of a 
speci?c description, the apparatus 10 Will be described as an 
aerosol cleaning apparatus used for cleaning contaminants 
from the surface of a silicon Wafer. 

The illustrated chuck 14 is of the type exhibiting a linear 
movement Within a predetermined range to move the entire 
side of the Wafer 12 through the jet impingement stream. The 
present invention is also applicable to systems utiliZing 
rotational chucks (not shoWn) Whereby rotary movement of 
the Wafer 12 is produced in order to impinge its surface With 
the jets from the noZZle 18. Alternatively, in accordance With 
one embodiment of the present invention, the noZZle may be 
translatable in the direction parallel to the surface of the 
Wafer in addition to movement of the chuck or instead of to 
the chuck While the chuck and the Wafer remain stationary 
to accomplish a similar result. The term chuck is used to 
mean a device Which functionally supports the object to be 
treated. In the case Where the chuck moves linearly or 
rotationally, the chuck also includes the appropriate slide or 
guide mechanism or turntable. HoWever, Where the chuck is 
stationary, it may be merely a functional support mecha 
nism. 
The present invention is particularly applicable for use as 

a cryogenic aerosol cleaning chamber used for cleaning 
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contaminants from silicon Wafers. As set forth above in the 
Background section, cryogenic cleaning may use argon 
aerosols, carbon dioxide, or Water, for example. At present, 
argon aerosols are preferred. Speci?c examples of argon 
cryogenic aerosols combined With nitrogen are disclosed in 
US. Pat. Nos. 5,062,898, 5,209,028 and 5,294,261, all to 
McDermott et al, and Us. Pat. No. 5,377,911 to Bauer et al, 
the entire disclosures of each of Which are hereby incorpo 
rated by reference. 
As shoWn in FIG. 5, the aerosol chamber 16 de?nes an 

enclosed interior space having an exhaust duct 20. Within 
the aerosol chamber 16, the movable chuck 14 is provided. 
The movable chuck 14 includes a surface for supporting a 
silicon Wafer 12 thereon and is movably supported so that 
the surface 13 of the silicon Wafer 12 to be treated can be 
completely moved through the impingement area of the jet 
impingement noZZle 18. Movable chuck 14 may include any 
conventional mechanism for securing the silicon Wafer 12 to 
its surface facing jet impingement noZZle 18, such as by 
vacuum openings that open to the supporting surface for 
holding the silicon Wafer 12 against it. Mechanical fasteners 
or clips, suction devices, electrostatic devices and electro 
magnetic devices are knoWn for fastening the Wafer to the 
chuck. These and others may be utiliZed. The movable chuck 
14 is further supported Within the aerosol chamber 16 to 
provide its necessary movement. Conventional slides and 
guiding mechanisms can be utiliZed to de?ne the path of 
movement of the movable chuck 14. Moreover, an actuating 
mechanism 22 may be utiliZed to impart the movement to 
the movable chuck 14 along its guidepath. Actuator mecha 
nism 22 may comprise any conventional electric, 
mechanical, electro-mechanical, hydraulic, pneumatic, or 
the like actuator mechanism. The actuator mechanism 22 
should have a range of motion suf?cient that the surface 13 
of silicon Wafer 12 can be moved entirely through the 
impingement area. An actuator rod 24 may be connected 
betWeen the actuator mechanism 22 and the movable chuck 
14, and may also include a vacuum passage for providing the 
vacuum to the surface of the movable chuck 14 for securing 
the silicon Wafer 12, as discussed above. 

To control the ?uid dynamics Within the aerosol chamber 
16, a How separator comprising a baffle plate 34 is connected 
to an end of the movable chuck 14 and to extend into the 
exhaust duct 20. Additionally, a shroud 36 is provided Within 
the aerosol chamber 16 and comprises a plate connected to 
the aerosol chamber 16, such as its upper Wall, for control 
ling ?oW around the noZZle 18. The controlling of the ?uid 
dynamics Within the aerosol chamber 16 by the baffle plate 
34 and the shroud 36 are more fully described in copending 
US. application Ser. No. 08/712,342, ?led Sep. 11, 1996. 
The basic purpose is to divide the post-impingement ?oW 
into positive streams C and D for preventing recontamina 
tion. 

NoZZle 18 is supported Within the aerosol chamber 16 to 
be rotatably adjustable as indicated by arroW A and to be 
translatable along the direction of arroW B to adjust the 
spacing betWeen noZZle 18 and the surface 13 of the Wafer 
12. The manner of providing the rotatable and translatable 
adjustments are described beloW. NoZZle 18 is connected 
With a supply line 26, Which itself may be further connected 
With discreet supply lines 28 and 30 connected With the 
actual gas or liquid supplies of argon, nitrogen, or the like, 
depending on the speci?c process. Further processing steps, 
such as gas cooling, may take place Within the supply line 
26, again depending on the speci?c process, so that the 
noZZle 18 expels the desired aerosol, such as a cryogenic 
cleaning aerosol. The inside of the aerosol chamber 16 may 
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be further connected With either a vacuum device or a 
pressuriZing device for selectively controlling the desired air 
pressure Within the aerosol chamber 16 based upon the 
speci?c process. A vacuum device (not shoWn) may be 
connected through the exhaust duct 20. Pressure may be 
increased simply by providing gas through the noZZle 18 or 
by Way of another supply line. For example, in a cryogenic 
cleaning apparatus using argon and nitrogen it is normally 
desirable to reduce the pressure Within the aerosol chamber 
16 for forming the cryogenic crystals. As described above in 
the background section, the cryogenic crystals are primarily 
formed by evaporative cooling Which relies on the freeZing 
of small liquid droplets prior to impinging the surface 13 of 
the Wafer 12. The small liquid droplets are formed from 
larger droplets that are atomiZed by the high pressure gas 
that expands from the noZZle ori?ces. The small liquid 
droplets (the aerosol spray) freeZe due to the pressure drop 
betWeen the noZZle and the pressure Within the aerosol 
chamber 16. 

Also shoWn in FIG. 5, a make-up gas, preferably an inert 
gas such as nitrogen, can be introduced into the aerosol 
chamber 16 at one or more locations indicated by Way of 
supply conduits 38. Although not necessary, such make-up 
gas is preferably introduced at the top and/or bottom of the 
aerosol chamber 16 the other side thereof aWay from the 
exhaust. The reason for the use of the make-up gas is to 
compensate or make-up for slight pressure deviations (in the 
order of betWeen about 5—10 percent) Within the aerosol 
chamber caused by instabilities in the noZZle and pressure 
controls. By supplying the make-up gas, the defect of any 
local pressure differentials is minimiZed and the positive 
overall pressure How from the left to the right that is 
generated by the action of the impingement jets, as illus 
trated in FIG. 5, is maintained. The make-up gas can be 
introduced into the aerosol chamber 16 through slots pro 
vided through the top and bottom Walls of the aerosol 
chamber 16. Conventional gas supply techniques can be 
used. 

It has been shoWn in FIG. 10, noZZle 18 includes a series 
of longitudinally aligned jet impingement ori?ces 40. With 
reference to FIG. 6, the jet impingement ori?ces 40 de?ne 
the angle of impingement of the substance that is used to 
treat the surface 13 of the Wafer 12. In the case of a 
cryogenic cleaning apparatus, the substance preferably com 
prises the froZen cryogenic crystals and gas stream. The 
angle of impingement is shoWn in FIG. 6 as angle 0t. In 
accordance With the present invention, the noZZle 18 is 
rotatably mounted Within the aerosol chamber 16 so that the 
angle a can be varied depending on the desired cleaning 
angle. Thus, the noZZle is useful or more ef?cient in a Wider 
range of applications. Speci?cally, the processing of sub 
strates including deep trenches and other surface features 
may be more thoroughly accomplished by orienting the 
aerosol spray direction nearly perpendicular to the substrate 
surface Where 0t is 90°. For processing a very ?at surface, the 
aerosol spray may be provided at a very shalloW graZing 
angle that is close to an angle 0t of 0°. Other surfaces may 
require 0t angles anyWhere betWeen 0° and 90°. FIG. 6 
shoWs the Wafer 12 moving to the left. If, hoWever, the Wafer 
is moved to the right, the angle of impingement could 
similarly be adjusted betWeen 0t angles of 90° through 180°. 
Depending on the surface features of the substrate, e.g. 
Wafer 12, the angle 0t may be altered from substrate to 
substrate or during the cleaning of a single substrate. 

Preferably, the noZZle 18 of the present invention is also 
adjustable toWard or aWay from the surface 13. The distance 
x betWeen the loWer edge of the noZZle and the substrate 
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surface can be adjusted to optimize any speci?c process. 
Moreover, With substrates of varying thicknesses, it is pos 
sible to manipulate the spray nozzle 18 to maintain a ?xed 
spray travel distance X to the substrate surface over the 
variable thickness substrate surface. 

Referring noW to FIGS. 7, 8 and 9, a manner of rotatably 
and translatably mounting the nozzle 18 Will be described. 
In FIG. 8, a rotational and translational connection assembly 
42 is illustrated connected With nozzle 18. In FIG. 7, a partial 
cross-section through the rotational and translational con 
nection assembly 42 is shoWn With the connection assembly 
42 secured to a sideWall 44 Which is a sideWall of the aerosol 
chamber 16. FIG. 9 shoWs a cutaWay portion of the sideWall 
44 to Which the connection assembly 42 is to be mounted. 

The rotational and translational connection assembly 42 
comprises a cryogenic liquid vacuum feed through 46, a 
rotary feed through 48 and a mounting plate 50. In the 
assembled state shoWn in FIG. 7, the mounting plate 50 lies 
against the sideWall 44 of the aerosol chamber 16, and the 
rotary feed through 48 is provided betWeen the mounting 
plate 50 and the cryogenic liquid vacuum feed through 46. 

Nozzle 18 is illustrated connected With a supply tube 52 
by a conventionally knoWn VCR type ?tting 54. Alternately, 
the nozzle 18 could be directly Welded to the supply tube 52. 
Supply tube 52 passes through an opening provided through 
an end Wall 56 of the cryogenic liquid vacuum feed through 
46. The supply tube 52 is preferably sealingly connected to 
the endWall 56 to provide a vacuum seal and to facilitate 
nozzle adjustment, described beloW. More preferably, the 
supply tube 52 is Welded to the endWall 56. 

The cryogenic liquid vacuum feed through 46 preferably 
comprises a commercially available vacuum feed through 
available from Huntington Mechanical Laboratories, Inc. of 
Mountain VieW, Calif., as model FT-188. The cryogenic 
liquid vacuum feed through 46 also includes a ?ange portion 
58 used for connecting the cryogenic liquid vacuum feed 
through 46 to the rotary feed through 48. As shoWn, bolts 60 
are used. The ?ange portion 58 includes a surface 62 that is 
suitable for providing a vacuum seal With a recessed surface 
64 of the rotary feed through 48. A seal or gasket 66 is 
preferably provided betWeen the surfaces 62 and 64 to 
ensure the vacuum seal. The rotary feed through 48 prefer 
ably comprises a commercially available differentially 
pumped rotational mounting device also from Huntington 
Mechanical Laboratories of Mountain VieW, Calif., as series 
VF-174—275. The rotary feed through 48 comprises a ?rst 
component portion 47 that is rotationally adjustable relative 
to a second component portion 49. Thus, the surface 64 of 
component 47 can rotate relative to a surface 68 of compo 
nent 49. The above-identi?ed rotary feed through 48 
includes a 0—360 degree scale With a locking screW (not 
shoWn) to maintain alignment, and may optionally be pro 
vided With a stepper motor for automated rotation (series 
MVF-174—275, also commercially available from Hunting 
ton Labs.). 

The component 47 of the rotary feed through 48 is 
connected to the cryogenic liquid vacuum feed through 46 
by the bolts 60. At the opposite side of the rotary feed 
through 48 from the recessed surface 64, the surface 68 is 
sealingly engaged With a surface 70 of the mounting plate 
50. Again, preferably a seal or gasket 72 is provided betWeen 
the sealing surfaces 68 and 70 to provide a vacuum seal. The 
mounting plate 50 is ?Xed With the component 49 of the 
rotary feed through 48, such as by bolts (not shoWn). 
As shoWn best in FIG. 7, the mounting plate 50 includes 

an opening 74 that is preferably slightly larger than the 
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dimension of the nozzle 18. Mounting plate 50 also includes 
a pair of channels 76 Which are used for adjustably mounting 
the mounting plate 50 to the sideWall 44 of the aerosol 
chamber 16. The channel 76 cooperate With a plurality, 
preferably 4, clamps 78 (only tWo of Which are shoWn in 
FIG. 7) Which are bolted to the sideWall 44. The clamps 78 
overhang the side edges of the mounting plate 50 so as to act 
against the channels 76 so that When the clamps 78 are 
tightened in place, the mounting plate 50 is ?Xed in position. 
Preferably, the sideWall 44 of the aerosol chamber 16 is 
de?ned to have a channel 80 for guiding the mounting plate 
50. The direction of the channel 80 is along the same 
direction as the nozzle 18 is to be translated to or aWay from 
the Wafer 12 as indicated by arroW B shoWn in FIG. 5. Also 
extending in the same direction as the channel 80 is a slot 82 
through Which the nozzle 18 is positioned. As shoWn in FIG. 
9, the nozzle 18 can be positioned anyWhere along the length 
of the slot 82. The position of the nozzle 18 set by the clamps 
78 acting against the mounting plate 50, as described above. 

In order to provide a vacuum seal betWeen the surface of 
channel 80 and the surface of mounting plate 50, a gasket 84 
is provided. Preferably, the gasket 84 comprises an O-ring 
type sealing gasket Which is ?tted Within a groove provided 
in the face of channel 80. The gasket 84 and its groove are 
illustrate in FIG. 9 as a substantially oval shape; hoWever, 
any shape is usable so long as the slot 82 is surrounded and 
a vacuum seal is provided betWeen the mounting plate 50 
and the channel 80. 
The slot 82 and the opening 74 through the mounting plate 

50 are preferably con?gured so that a vacuum chamber 86 
is provided Within the interior of the cryogenic liquid 
vacuum feed through 46 and the rotary feed through 48 
Which is open to the inside of the aerosol chamber 16. That 
is, the pressure Within the aerosol chamber 16 Would be the 
same as the pressure Within the interior chamber 86 de?ned 
Within the rotational and translational connection assembly 
42. The interior chamber 86 insulates the ?tting 54 and the 
portions of the supply tube 52 and the nozzle 18 Within the 
rotational and translational connection assembly 42. To 
insulate the remaining portion of the supply tube 52 that 
eXtends from the rotational and translational connection 
assembly 42, a vacuum jacket 88 is provided. The vacuum 
jacket 88 conventionally surrounds the supply tube 52 and is 
preferably connected by Welding to the cryogenic liquid feed 
through 46. Thus, a separate vacuum can be provided Within 
the interior of the vacuum jacket 88 to insulate the supply 
tube 52. 

Rotational adjustment of the nozzle 18 is accomplished by 
the rotary position of the component 47 relative to the 
component 49 of the rotary feed through 48. To do this, the 
set screW (not shoWn) is loosened so that the components 47 
and 49 can be relatively rotationally adjusted. The effect of 
moving component 47, While the component 49 is ?Xed in 
position to the mounting plate 50, is to also rotate the 
cryogenic liquid vacuum feed through 46 Which is in turn 
?Xed With the supply tube 52. Since supply tube 52 is ?Xedly 
connected With the nozzle 18 by the ?tting 54, the nozzle 18 
is ultimately rotationally adjusted corresponding to the scale 
provided on the rotary feed through 48. When the adjusted 
position is obtained, the set screW (not shoWn) is tightened. 
Furthermore, since the rotary feed through 48 is preferably 
vacuum tight, the rotary adjustment can be made While the 
aerosol chamber 16 is under vacuum. 

By the above, it is also apparent that the mounting plate 
50 can be adjusted in position Within the channel 80 of the 
sideWall 44 of the aerosol chamber 16 to translatably posi 
tion the nozzle 18 Within the aerosol chamber 16. By 
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loosening the clamps 78, the mounting plate 50 combined 
With the rotary feed through 48, the cryogenic liquid vacuum 
feed through 46, the supply tube 52, ?tting 54 and noZZle 18 
can be moved along the channel 80 and slot 82. The gasket 
84 ensures a proper vacuum seal in any position along the 
slot 82, although vacuum may not be maintained during the 
actual adjustment process. When it is desired to ?X the 
noZZle 18 in a desired translatable position, the clamps 78 
are tightened to effect the proper seal of gasket 84 With the 
mounting plate 50 in the proper position. A scale may also 
be provided along the edge of the mounting plate 50 and/or 
the channel 80. 

In accordance With another embodiment, the channel 80 
and the slot 82 can instead be provided in the parallel 
direction of the surface of the Wafer 12 (see FIG. 5). The 
noZZle can thus be movable along the surface of the Wafer 
12. To do this, a different vacuum interface technique than 
that described above Would be needed, such as including a 
movable belloWs, or the like. With this embodiment, it is 
possible to de?ne the slot and channel to be of suf?cient 
length so that the noZZle 18 can be moved over the entire 
surface of the Wafer 12 or any portion thereof Which is to be 
treated. Thus, With a stationary chuck for supporting the 
Wafer in position Within the aerosol chamber 16, the noZZle 
18 can be moved for processing the Wafer 12. 

A construction of the noZZle 18, in accordance With the 
present invention, is illustrated in FIGS. 10, 11 and 12. 
Basically, the noZZle 18 comprises an outer tube 90, an inner 
tube 92, an end cap 94, an end cap 95 and a ?tting 96 Which 
preferably is a part of the VCR ?tting 54 discussed above for 
connection With the supply tube 52. 
As shoWn in FIG. 12, the ?tting 96 includes an internal 

passage 98 that opens from the left side of the ?tting 96, as 
illustrated, to communicate With the supply tube 52 via the 
?tting 54. At the other end of the ?tting 96, a tube portion 
100 is provided through Which the passage 98 also passes. 
Surrounding the tube portion 100, the outer tube 90 is 
connected to the surface 102 of the ?tting 96. Preferably, the 
outer tube 90 and the tube portion 100 are concentrically 
arranged. The outer tube 90 can be conventionally connected 
With surface 102 by Welding. The inner tube 92 is preferably 
butted With and connected to the tube portion 100, such as 
by Welding. At the other end of the noZZle 18, the end cap 
95 is sealingly connected to the end of the inner tube 92 and 
is nested Within the end cap 94 that seals the end of the outer 
tube 90 and supports both the inner and outer tubes 92 and 
90, respectively. Preferably, end cap 94 maintains the con 
centric relationship of the outer tube 90 and inner tube 92. 

By this construction, a ?rst cavity 104 is de?ned Within 
the outer tube 90 by its internal surface, the outer surface of 
the inner tube 92, the surface 102 of the ?tting 96 and the 
end cap 94. A second internal cavity 106 is also de?ned 
Within the outer tube 90, speci?cally Within the inner tube 92 
and the tube portion 100 of ?tting 96 as de?ned by the 
interior surfaces thereof and the end cap 95. 

The inner tube is preferably provided With a series of 
longitudinally aligned ori?ces 108. The ori?ces 108 need not 
be aligned, hoWever, and in some cases may be purposefully 
misaligned. For eXample, some ori?ces 108 may be radially 
displaced by 180 degrees from others. The ori?ces 108 
provide communication betWeen the second internal cavity 
106 and the ?rst internal cavity 104. The jet impingement 
ori?ces 40 are provided in a longitudinally aligned series 
through the outer tube 90 to provide communication from 
the ?rst internal cavity 104 and the outside. More 
speci?cally, the jet impingement ori?ces 40 direct the ?uid/ 
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gas miXture therein toWard the Wafer 12, in the direction and 
angle of impingement 0t discussed above and shoWn in FIG. 
6. 

In accordance With the present invention, inner ori?ces 
108 are not radially aligned With the jet impingement 
ori?ces 40. That is, they are radially angularly offset With 
respect to one another. Preferably, the inner ori?ces 108 are 
angularly offset from the jet impingement ori?ces 40 by 90°; 
hoWever, it is only required that some angular displacement 
be provided to ensure the formation of at least one liquid 
pool Within the noZZle 18, as Will be discussed further beloW. 

In FIGS. 13 and 14, one angular orientation of noZZle 18 
is illustrated. Speci?cally, the inner tube 92 is oriented so 
that its ori?ces 108 are directed doWnWard, Which Would be 
in the direction of gravity. The jet impingement ori?ces 42 
of the outer tube 90 are angularly offset by 90° so that its 
aerosol stream is directed substantially horiZontal. With 
reference to FIGS. 5 and 6, this Would provide an aerosol 
stream substantially parallel to the surface of the Wafer 12. 
A second orientation is illustrated in FIGS. 15 and 16. In 

this case, the inner tube 92 is oriented so that its ori?ces 108 
are directed at substantially 90° from the direction of gravity. 
The jet impingement ori?ces 40 of the outer tube 90 are 
directed generally in the direction of gravity. This orienta 
tion Would provide an aerosol stream directed substantially 
perpendicularly to the Wafer 12, as shoWn in FIGS. 5 and 6. 

As evidenced by both orientations, the formation of a 
liquid pool is ensured in one of the ?rst internal cavity 104 
or the second internal cavity 106 With a noZZle 18 at any 
angular orientation of the noZZle 18. Moreover, even at 
angular offsets betWeen the inner ori?ces 108 and the jet 
impingement ori?ces 40 of other than 90°, some amount of 
liquid pooling Will be provided for. This feature is bene?cial 
in the dispensing of any type of liquid along a longitudinally 
arranged noZZle in that the liquid to be dispensed is distrib 
uted fully along the longitudinal length of the noZZle. As in 
the case of cryogenic aerosol cleaning, as discussed above in 
the Background section of this subject application, it is 
imperative that the liquid be distributed along the longitu 
dinal length of the noZZle 18. In order to achieve the primary 
formation of the crystals by atomiZation of liquid droplets 
into small droplets in the subsequent freeZing, the noZZle 
design provides for the distribution of the liquid along the 
length of the noZZle 18. As shoWn in FIG. 3, and discussed 
above, a liquid pool is created Within the noZZle 2 With the 
jet impingement ori?ces provided at an angle from gravity. 
In comparison, as shoWn in FIG. 4, a liquid pool is not 
adequately created When the jet impingement noZZles are 
directed in the direction of gravity. In accordance With the 
present invention, no matter Whether the jet impingement 
ori?ces 40 are directed at an angle from gravity (such as 
shoWn as 90° in FIG. 13) or in the direction of gravity (as 
shoWn in FIG. 15), an adequate liquid pooling is provided 
for. 

By the present invention, a noZZle 18 is provided Which 
can be translated so that the distance betWeen the noZZle 18 
and the surface of an object to be processed can be adjusted 
and Wherein the angle of impingement of the aerosol stream 
can be rotationably adjusted. A speci?c embodiment of a 
mechanism to provide the rotational and translational con 
nection and adjustment is described Wherein the noZZle 18 
can be set at any desired angular orientation. Moreover, in 
any angular orientation, a liquid pooling is ensured to 
provide for even distribution of liquid Within the noZZle 18 
and most importantly a more uniform jet impingement from 
the ori?ces 40. It is understood that other mechanisms to 
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provide the rotatable and translatable adjustment can be used 
and that other orientations and con?gurations are possible to 
provide a ?rst internal cavity and a second internal cavity 
that communicate in a Way to ensure liquid pooling along the 
length of the noZZle 18. 

In the case of a cryogenic aerosol cleaning apparatus, the 
jet impingement ori?ces 40 and the inner ori?ces 108 are 
aligned to extend longitudinally along the outer tube 90 and 
inner tube 92 respectively. The siZing of the jet impingement 
ori?ces 40 is determined on the basis of the formation of the 
liquid droplets that are atomiZed and frozen due to the 
pressure differential betWeen the ?rst internal cavity 104 and 
the inside of the aerosol chamber 16, Which is provided at 
vacuum. HoWever, it is preferable to maintain the pressures 
Within the ?rst internal cavity 104 and the second internal 
cavity 106 at substantially the same. To accomplish this, the 
cross-sectional area of the second internal cavity 106 should 
substantially equal the cumulative areas of the inner ori?ces 
108. That is, by totaling the area of all of the inner ori?ces 
108, that area should substantially equal the cross-sectional 
area of the second internal cavity 106. Preferably, the inner 
ori?ces 108 are substantially larger than the jet impingement 
ori?ces 40, and thus, substantially less inner ori?ces 108 are 
provided along the longitudinal length of the inner tube 92 
as compared to the number of jet impingement ori?ces 40 
along the outer tube 90. 

The rotatable adjustment of the noZZle 18 permits the 
noZZle to be effectively used in a Wider range of applica 
tions. The processing of substrates having deep trenches or 
other surface features may be more thoroughly accom 
plished by orienting the aerosol spray direction nearly 
perpendicular to the substrate surface. For a very ?at 
surface, the orientation of the aerosol spray may be provided 
at a very shalloW graZing angle to the substrate surface. 
Moreover, the intensity of the aerosol spray can be adjusted 
by the translation of the noZZle 18 to or aWay from the 
surface of the substrate to be processed. Most importantly, 
the angular orientation of the noZZle 18 and the space in 
betWeen the noZZle 18 and the surface to be processed can 
each be independently adjusted While the uniformity of the 
spray along the longitudinal length of the noZZle 18 can be 
maintained. 

Other modi?cations are contemplated Within the scope of 
the present invention. With reference to FIG. 12, the outer 
tube 90 of the noZZle 18 can be adjustably connected to the 
?tting 96. The proximate end of the outer tube 90 can be 
provided With a ?ange, for example, that cooperates With a 
?ange or clamp device provided on the surface 102 of the 
?tting 96 so that the outer tube 90 can be locked in any rotary 
adjusted position. The advantage of making the outer tube 
90 adjustable is that the radial angular offset betWeen the 
openings 108 and the jet impingement ori?ces can be 
optimiZed depending on the speci?c jet impingement angle 
that is determined for a particular treatment or processing 
application. In any case, it is preferable in accordance With 
the present invention that ori?ces 108 are radially provided 
in a Way that alloWs the formation of a liquid pool in either 
the inner tube 92 or the outer tube 90, as above. 

It is also contemplated that the supply tube can deliver the 
processing ?uid or gas to the noZZle 18 anyWhere along the 
length of the noZZle 18 or from more than one point. For 
example, if the supply line is connected betWeen the ends of 
the noZZle 18, a rotational and translational connection 
assembly can still be used to mount the noZZle 18; hoWever, 
the supply line can be connected With the inner tube 92 by 
appropriate ?ttings. The supply line can be ?exible to permit 
the rotational and translational adjustments. With more than 
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one supply point, a supply line 52, as above, can be 
combined With any other ?exible supply line connected With 
the inner tube 92 anyWhere along its length including at its 
distal end. Moreover, plural supply lines can be connected 
along the length of the noZZle 18. By the present invention, 
uniform distribution of liquid along the length of the noZZle 
18 is accomplished regardless of Where the supply of 
process ?uid or gas is provided. 
We claim: 
1. An apparatus for treating the surface of an object by 

impinging the surface With an aerosol spray, said apparatus 
comprising: 

an aerosol chamber de?ning an interior space for receiv 
ing an object to be treated Within said aerosol chamber; 

supporting means for operatively supporting the object 
Within said aerosol chamber With a surface thereof in a 
position for treatment; and 

a noZZle for connection to a ?uid supply and disbursement 
of an aerosol spray having a series of impingement 
ori?ces provided in a longitudinal direction along at 
least a part of said noZZle, said noZZle being operatively 
supported Within said aerosol chamber by a rotationally 
adjustable noZZle support so that the series of impinge 
ment ori?ces can be set at different radial angles With 
respect to a longitudinal axis of said noZZle by rotation 
of said noZZle about said longitudinal axis, and Wherein 
said noZZle has an interior longitudinally divided into 
?rst and second internal cavities With at least one 
opening betWeen said ?rst and second internal cavities, 
said opening betWeen said ?rst and second cavities 
being oriented at an offset radial angle With respect to 
the longitudinal axis that is different than the radial 
angle of said impingement ori?ces and being rotatable 
at this offset radial angle during a setting of the 
impingement ori?ces at a different radial angle. 

2. The apparatus of claim 1, Wherein said noZZle com 
prises an inner tube and an outer tube operatively supported 
and connected With respect to one another, said ?rst internal 
cavity is provided betWeen an inner surface of said outer 
tube and an outer surface of said inner tube, said second 
internal cavity is provided Within said inner tube, and said 
opening extends through said inner tube. 

3. The apparatus of claim 2, Wherein said inner tube 
includes plural openings connecting said ?rst and second 
internal cavities, said plural opening being longitudinally 
aligned. 

4. The apparatus of claim 3, Wherein said plural openings 
connecting said ?rst and second internal cavities comprises 
a ?rst set of plural openings that are longitudinally aligned 
and a second set of plural openings that are longitudinally 
aligned but at a different radial angle from the longitudinal 
axis than the radial angle of the ?rst set of plural openings 
and the radial angle of said impingement ori?ces. 

5. The apparatus of claim 2, Wherein said inner tube 
includes plural openings connecting said ?rst and second 
internal cavities, and the sum of the areas of said plural 
openings substantially equals the cross-sectional area of the 
second internal cavity. 

6. The apparatus of claim 2, Wherein said inner tube and 
said outer tube are circular in cross-section. 

7. The apparatus of claim 6, Wherein said inner tube and 
said outer tube are concentrically arranged. 

8. The apparatus of claim 7, Wherein the opening through 
said inner tube is offset by 90 degrees radially from the 
impingement ori?ces. 

9. The apparatus of claim 2, Wherein said second internal 
cavity is connected With a supply tube. 
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10. The apparatus of claim 2, further comprising a ?tting 
to Which both said outer tube and said inner tube are 
operatively connected With one another. 

11. The apparatus of claim 10, Wherein said outer tube is 
adjustably connected With said ?tting so that a radial angle 
betWeen the opening betWeen said ?rst and second cavities 
and the impingement ori?ces can be varied. 

12. The apparatus of claim 1, Wherein said noZZle is also 
adjustably mounted by said noZZle support to be positioned 
Within said aerosol chamber so that a distance betWeen said 
noZZle and a surface of an object to be treated When 
supported in position by said supporting means can be 
varied. 

13. The apparatus of claim 12, Wherein said noZZle 
support comprises a mounting plate to Which said noZZle is 
rotationally adjustably mounted and Which is adjustably 
mounted to a Wall of said aerosol chamber for varying the 
distance betWeen said noZZle and a surface of an object to be 
treated When supported in position by said supporting 
means. 

14. The apparatus of claim 13, Wherein said noZZle 
extends through a slot provided through said Wall of said 
aerosol chamber so that said noZZle can be adjusted in 
position along the length of said slot by changing the 
position of said mounting plate relative to said Wall of said 
aerosol chamber. 

15. The apparatus of claim 12, further including a sealing 
means extending around said slot so that in any adjusted 
position of said noZZle, a sealing engagement can be pro 
vided betWeen said mounting plate and said Wall of said 
aerosol chamber. 

16. An apparatus for treating the surface of an object by 
impinging the surface With an aerosol spray, said apparatus 
comprising: 

an aerosol chamber de?ning an interior space for receiv 
ing an object to be treated Within said aerosol chamber; 

supporting means for operatively supporting the object 
Within said aerosol chamber With a surface thereof in a 
position for treatment; and 

an elongate noZZle for disbursement of the aerosol spray 
having an inlet for connection to a ?uid supply at a ?rst 
end thereof and a series of impingement ori?ces pro 
vided longitudinally in the direction of ?uid ?oW 
through the noZZle from its ?rst end along at least a part 
of said noZZle, said noZZle being operatively supported 
at its ?rst end by an adjustable noZZle support With the 
noZZle positioned Within said aerosol chamber so that a 
distance betWeen said noZZle and a surface of an object 
to be treated When supported in position by said sup 
porting means can be varied and so that the series of 
impingement ori?ces can be set at different radial 
angles With respect to a longitudinal axis of said noZZle 
by rotation of said noZZle about said longitudinal axis, 
and Wherein said noZZle has an interior longitudinally 
divided into ?rst and second internal cavities With at 
least one opening betWeen said ?rst and second internal 
cavities, said opening betWeen said ?rst and second 
cavities being oriented at an offset radial angle With 
respect to the longitudinal axis that is different than the 
radial angle of said impingement ori?ces and being 
rotatable at this offset angle during a setting of the 
impingement ori?ces at a different radial angle. 

17. The apparatus of claim 16, Wherein said adjustable 
noZZle support comprises a mounting plate to Which said 
noZZle is mounted and Which is adjustably mounted to a Wall 
of said aerosol chamber for varying the distance betWeen 
said noZZle and a surface of an object to be treated When 
supported in position by said supporting means. 
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18. The apparatus of claim 17, Wherein said noZZle 

extends through a slot provided through said Wall of said 
aerosol chamber so that said noZZle can be adjusted in 
position along the length of said slot by changing the 
position of said mounting plate relative to said Wall of said 
aerosol chamber. 

19. The apparatus of claim 18, further including a sealing 
means extending around said slot so that in any adjusted 
position of said noZZle, a sealing engagement can be pro 
vided betWeen said mounting plate and said Wall of said 
aerosol chamber. 

20. The apparatus of claim 16, Wherein said noZZle is also 
rotationally supported by said adjustable noZZle support With 
the noZZle positioned Within said aerosol chamber so that the 
series of impingement ori?ces can be set at different radial 
angles With respect to a longitudinal axis of said noZZle. 

21. The apparatus of claim 20, Wherein said noZZle has an 
interior longitudinally divided into ?rst and second internal 
cavities With at least one opening betWeen said ?rst and 
second internal cavities, said opening betWeen said ?rst and 
second cavities being oriented at a different radial angle 
from the longitudinal axis than the radial angle of said 
impingement ori?ces. 

22. The apparatus of claim 21, Wherein said noZZle 
comprises an inner tube and an outer tube operatively 
supported and connected With respect to one another, said 
?rst internal cavity is provided betWeen an inner surface of 
said outer tube and an outer surface of said inner tube, said 
second internal cavity is provided Within said inner tube, and 
said opening extends through said inner tube. 

23. The apparatus of claim 22, Wherein said inner tube 
includes plural openings connecting said ?rst and second 
internal cavities, said plural opening being longitudinally 
aligned. 

24. The apparatus of claim 22, Wherein said inner tube and 
said outer tube are circular in cross-section. 

25. The apparatus of claim 24, Wherein said inner tube and 
said outer tube are concentrically arranged. 

26. The apparatus of claim 22, Wherein said second 
internal cavity is connected With a supply tube. 

27. The apparatus of claim 22, further comprising a ?tting 
to Which both said outer tube and said inner tube are 
operatively connected With one another. 

28. The apparatus of claim 27, Wherein said outer tube is 
adjustably connected With said ?tting so that a radial angle 
betWeen the opening betWeen said ?rst and second cavities 
and the impingement ori?ces can be varied. 

29. A noZZle for use in an apparatus for the treatment of 
a surface of an object by impinging the surface With an 
aerosol spray, the apparatus having an aerosol chamber 
de?ning an interior space for receiving the object to be 
treated Within the aerosol chamber, and a supporting means 
for operatively supporting the object Within the aerosol 
chamber With a surface thereof in a position for treatment; 
said noZZle comprising: 

an elongate inner tube; 
an elongate outer tube; 
a ?tting operationally supporting and ?xing said inner 

tube and said outer tube With respect to one another; 
an inlet for connection to a ?uid supply at a ?rst end of 

said noZZle; 
a series of impingement ori?ces provided longitudinally 

in the direction of ?uid ?oW through said noZZle from 
its ?rst end along at least a part of said noZZle; and 

means for rotationally adjustable mounting said ?rst end 
of said noZZle to a Wall of an aerosol chamber so that 
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said series of impingement ori?ces can be set at dif 
ferent radial angles With respect to a longitudinal aXis 
of said noZZle Within an interior space of the aerosol 

chamber, 
Wherein said noZZle has an interior longitudinally divided 

into ?rst and second internal cavities With at least one 
opening betWeen said ?rst and second internal cavities, 
said ?rst internal cavity being provided betWeen an 
inner surface of said outer tube and an outer surface of 
said inner tube, said second internal cavity being pro 
vided Within said inner tube, and said opening betWeen 
said ?rst and second cavities extending through said 
inner tube and being oriented at a different radial angle 
from the longitudinal aXis than the radial angle of said 
impingement ori?ces, such that no portion of said 
opening is aligned With any portion of said impinge 
ment ori?ces While providing ?uid communication 
betWeen said ?rst and second internal cavities. 

30. The noZZle of claim 29, Wherein said noZZle comprises 
an inner tube and an outer tube operatively supported and 
connected With respect to one another, said ?rst internal 
cavity is provided betWeen an inner surface of said outer 
tube and an outer surface of said inner tube, said second 
internal cavity is provided Within said inner tube, and said 
openings eXtend through said inner tube. 
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31. The noZZle of claim 30, Wherein said inner tube 

includes plural openings connecting said ?rst and second 
internal cavities, said plural openings being longitudinally 
aligned. 

32. The noZZle of claim 30, Wherein said inner tube and 
said outer tube are circular in cross-section. 

33. The noZZle of claim 32, Wherein said inner tube and 
said outer tube are concentrically arranged. 

34. The noZZle of claim 30, Wherein said second internal 
cavity is connected With a supply tube. 

35. The noZZle of claim 29, further including means for 
rotationally adjustably mounting the ?rst end of said noZZle 
to a Wall of the aerosol chamber so that the series of 
impingement ori?ces can be set at different radial angles 
With respect to a longitudinal aXis of said noZZle Within the 
interior space of the aerosol chamber. 

36. The noZZle of claim 30, further comprising a ?tting to 
Which both said outer tube and said inner tube are opera 
tively connected With one another. 

37. The noZZle of claim 36, Wherein said outer tube is 
adjustably connected With said ?tting so that a radial angle 
betWeen the opening betWeen said ?rst and second cavities 
and the impingement ori?ces can be varied. 

* * * * * 
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